


USB UART (1) 


allowing access to all ports 


Design by B. Kainka 


USB ports can be used in many applications in the field of electronics. 
However, unlike the RS232 interface, devices have not become available 
to interconnect USB and parallel ports. This general-purpose USB UART 
now rectifies that situation. 





Just as the legendary AY-3-1015 UART con- 
verts between parallel and RS232 interfaces, 
this Elektor Electronics USB chip provides 
general-purpose ports accessible over USB. 
The only extra components required to build a 
complete USB device are a ceramic resonator 


12 


or quartz crystal and a couple of 
capacitors. In total twelve port con- 
nections are available, which can 
freely be written and read. Further, 
the output current can be set for 
each port connection, which allows, 








for example, the brightness of a con- 
nected LED to be controlled directly. 

In the case of the RS232 interface 
we are accustomed to only having a 
limited number of ports. Frequently 
only one COM port will be available. 
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Figure |. Pinout of the USB port IC, 


Vss, Vpp Ground 
Vcc +5V 
D+, D- USB data signals 


XTALIN, XTALOUT 6 MHz ceramic resonator or 
quartz crystal 

port 0 (8 pins) 

port | (4 pins) 


P0.0-P0./ 
P1.0-P1.3 


If a device uses this port, then it is 
permanently assigned and further 
expansion is not a simple matter. In 
contrast USB is a bus-based system 
which in principle allows many 
devices to be connected. Whether 
multiple devices of the same type 
can be connected depends on the 
device driver: the driver for our USB 
UART does support multiple device 
instances. It is therefore possible, if 
desired, to build several devices 
using this chip and use them 
together on one PC. In general there 
will be two USB connectors on the 
motherboard. If more are required, a 
bus splitter (or ‘hub’) must be added. 

As in the first Elektor Electronics 
USB interface (described in the Sep- 
tember 2000 issue), the device is 
based on the Cypress CY7C63001A 
microcontroller, whose pinout is 
shown in Figure 1. Since in this case 
no special peripheral components 
are being connected, all port pins are 
available for use. Further, the sink 
current can be controlled for all 
ports, rather than just on one. 

The IC is supplied with a special 
USB driver. For this purpose, Elektor 
Electronics has become a USB devel- 
oper and has obtained a ‘Vendor ID’ 
from the USB organisation. This 
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Figure 2. The prototyping board includes just the basic CY7/C6300 1 application circuit. 


ensures that the connected devices 
are correctly enumerated and that 
the Elektor Electronics USB driver is 
automatically loaded. The advantage 
is that Elektor Electronics readers 
can develop their own USB devices 
without having to obtain their own 
Vendor ID and without getting heav- 
ily involved in the complex details of 
the interface. 

Figure 2 shows the standard cir- 
cuit using the USB UART. Observe 


8 13 8 13 
9 12 9 12 
X1 10 11 X2 X1 10 11 X2 


Figure 3. Oscillator options (6 MHz) 

A: Crystal or two-pin ceramic resonator 

B: Three-pin ceramic resonator with ground connection 

C: Three-pin ceramic resonator without ground connection 
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the direct connection to the USB D+ and D- 
signals. In many cases power (+5 V) can be 
drawn directly from the bus. To provide a 
clock, a two-pin ceramic resonator or a quartz 
crystal can be used, although thanks to a 
third hole in the circuit board the more readily 
obtainable three-pin parts can be used 
instead. The internal capacitors should not be 
connected to ground (as would be usual prac- 
tice) — they effectively form an extra parallel 
Capacitance. With the -A version of the 
processor the internal oscillator has become 


©) 


8 13 
9 12 
X1 10 11 X2 
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COMPONENTS LIST 


Resistors: 
RI = 1kQ5 
R2 = Polyswitch, |00mA 


Capacitors: 
Cl = 100nF 


Semiconductors: 
ICI = CY7C6300IA (Cypress), pro- 
grammed, order code 010207-4 | 


Miscellaneous: 

KI = USB connector Type B 

K2 = |14-way boxheader 

K3,K4,K5 = 20 solder pins 

XI = 6MHz quartz crystal or 
ceramic resonator with 2 or 3 pins 

PCB, order code 010207-1 

Disk, project software, 
order code 010207-1 1 


much more reliable, and it is possible to fit a 
6 MHz crystal. Figure 3 shows the three pos- 
sible oscillator configurations. 

All ports have internal pull-up resistors. They 
are set high on reset and can be used imme- 
diately as inputs. Port 0 and port 1 offer dif- 
ferent sink currents. Whereas port 0 can 
switch at most 1.5 mA, port 1 can switch up to 
15 mA, enough, for example, to allow LEDs to 
be connected directly. 

The USB UART is an integrated circuit for 
special applications. Perhaps it could be used 
to control a coffee machine, or perhaps built 
into an alarm system. Or a number of chips 
could be used to control a model railway or a 
robot. In any of these applications, a little 
more is required than just the chip and the 
basic circuit. For our first experiments, then, 
we present a prototyping board on which all 
the port connections are brought out to con- 
nectors. The tiny circuit board shown in Fig- 
ure 4 can also be piggybacked onto a larger 
assembly and can then function as a univer- 
sal I/O module. 


Installation 


Using a USB device under Windows 
inevitably requires a driver, which allows the 
USB UART to be seen as a device in its own 
right. All access to the device by application 
software takes place via the driver. 


The diskette includes the driver 
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Figure 4. Component layout and mounting plan for the prototyping board. 


USBuart.sys and an information file 
USBuart.inf, as well as a couple of 
example programs. Windows reads 
the device type, copies the required 
driver and adds it to its database of 
device drivers. The diskette is only 
required the first time the device is 
connected; subsequently the driver 
is automatically loaded whenever 
the chip is connected to the USB. 
Whenever a new USB device is 
connected for the first time, the mes- 
sage shown in Figure 5 appears. 
That a new device has been con- 
nected is detected through the resis- 
tor connected between Voc and D-. 
The D- data signal is pulled high 
and this informs the PC that a low 
speed USB device has been con- 


nected. Next, Windows requests cer- 
tain data from the new device. Par- 
ticularly important are the Vendor ID 
(Elektor Electronics = 0C7D) and the 
device ID (USB UART = 0001) since 
they allow the device to be recog- 
nised unambiguously. Knowing 
these two numbers, Windows can 
now start to look for the appropriate 
driver. First it looks in its database of 
known drivers on the PC itself. If no 
suitable driver can be found here, 
the user is asked to insert a diskette 
containing the required driver infor- 
mation. 

Installing the driver is simply a 
matter of following the instructions 
on the screen. The driver is automat- 
ically copied into the 


Hew Hardware Found 
> ELEKTOR, USBuart 


Windows iz installing the software for your new hardware. 





Figure 5. New hardware has been detected. 
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COMPUTER 


System Properties 


General Device Manager | Hardware Profiles | Performance | 


f ‘Yiew devices by type 


coe Mouse 
ERE E, Network adapters 
Fl" Other devices 


Ei PCI Communication Device 


H- Ports [COM & LPT] 
EEC SCSI controllers 


C Yiew devices by connection 


IDE2ZLPT disk 
7 Shuttle EPAT External ATAPI Adapter. 
c+) Sound, video and game controllers 
i System devices 


È] Uniwersal Seral Bus controllers 


ELEKTOR., USBuart 
USB Root Hub 
USB Root Hub 


VIA Tech 3038 PLCI to USB Universal Host Controller 
VIA Tech 3038 PCI to USB Universal Host Controller 


Properties | Refresh | Remove | Pririt... | 





Cancel | 


Figure 6. The Elektor Electronics driver has been loaded. 


Windows/System32 directory, 
while the information file is copied to 
Windows/Inf. The driver is also 
loaded into the PC’s memory. The 
result of all this can be seen under 
Control Panel/System/Device 
Manager: the USB driver is loaded 


New Hardware Found 


a4 


Insert Windows 98 Second Edition CO-ROM 
In the selected drive, and click OF. 


Copy files from: 


CIN DOS Swaine 


The file ‘USBuark nf on Windows 99 ok 
Second Edition CD-ROM cannot be found. 


(Figure 6). 

Usually installation proceeds 
without any problems. The number 
of different versions of Windows 
makes it difficult, however, to test for 
every eventuality. In some cases it 
might happen that Windows keeps 








Cancel 


Skip File 


Details... 








Browse... 


AE REE 





Figure 7. Windows fails to find the appropriate driver. 


12/2001 Elektor Electronics 


insisting on searching for the required files on 
the Windows installation CD (Figure 7): then 
it is necessary to enter the filename 
USBUART on drive A: and click on OK in order 
to proceed. 


The driver also works under Windows 
2000. However, it has no digital signature, 
which is a form of authorisation of tested 
software provided to large companies by 
Microsoft (in exchange for large sums of 
money). It is therefore necessary to indicate 
under System Properties/Hardware/ 
Device Manager/Driver Signing that 
the driver can be installed without a signa- 
ture. Depending on how the system is set up, 
it is possible that Windows 2000 will not copy 
the driver into the proper directory. In such 
cases the driver should be manually copied 
into the System32 directory. The driver used 
here is based largely on the software devel- 
oped by Anchor Chips, now part of Cypress. 
The company provides detailed information 
on developing for USB on the Internet at 


WwWwW.Cypress.Colm. 


Controlling the Driver 


from Visual Basic 

Each USB device requires a driver, which is 
automatically loaded when the device is con- 
nected (‘Plug and Play’ operation). Individual 
programs may only communicate with the 
device via the driver. In order that Windows 
can determine which driver is to be loaded, 
the device itself provides certain data during 
‘Enumeration’ (the bus’ registration proce- 
dure) to allow unambiguous identification. On 
start-up, Windows can therefore recognise 
the presence of a new device whose driver 
must be loaded. 


Module USB1.bas shows how the driver 
can be controlled from Visual Basic. It pro- 
vides the following basic functions: 


WrPort0, WrPort1: 
RdPort0O, RdPort1: 
WrPullups: 
Wrisink: 


Write values to ports 
Read values from ports 
Activate pull-up resistors 
Set sink current for each port pin 
The driver allows several devices to be used 
simultaneously with identical USB UARTs. 
The virtual driver name for the first device is: 
SFileName="\\.\usbuart_0” 
and for the second device: 


SFileName="\\.\usbuart 1” 


and so on. 





w. Elektor USB UART -IOl x 
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Figure 9. Internal structure of the port pins with 
adjustable current. 


Port Access: 
Reading and Writing 
The first example program, USBuartl.vbp 


allows access to all the ports. With a sim- 
ple click of the mouse, each signal can be 


vv 
vv 
vv 
vv 
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Figure 10. How switches and LEDs can be connected. 


Connector pinouts 


KI: USB socket 


l +5V 

2 D- 

3 D+ 

4 Gnd 

K2: 

POO | 2 P04 
POI 3 4 POS 
P02 5 6 P06 
PO3 7 IO PII 

PI2 II [2 RRID 
Vec 13 14 Gnd 


set high, and the pull-up resistors 
can be enabled or disabled on a 
port-by-port basis. If no external 
circuit is connected, the output val- 
ues are read back verbatim, as long 
as the pull-ups are enabled. If the 


© (J 
Listi ng l. The required interface procedures in the USB1 . bas module. 


Type SECURITY ATTRIBUTES 
nLength As Long 
lpSecurityDescriptor As Long 
bInheritHandle As Long 

End Type 


Type OVERLAPPED 
Internal As Long 
InternalHigh As Long 
offset As Long 
OffsetHigh As Long 
hEvent As Long 

End Type 
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A 
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PI3 
P2 
PII 
PIO 
PO7 
PO3 
P06 
P02 
PO5 
PO| 
P04 
POO 
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——— o 
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A 


8 x Vcc 
8 x Gnd 


G 


pull-ups are disabled, then outputs 
set high are in a high-impedance 
state and their level is thus inde- 
terminate. In contrast, a pin that is 
set low will, even with pull-ups 
disabled, be low. 
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COMPUTER 


Declare Function CreateFile Lib “kernel32” Alias “CreateFileA” (ByVal lpFileName As String, ByVal dwDesiredAccess 
As Long, ByVal dwShareMode As Long, lpSecurityAttributes As SECURITY ATTRIBUTES, ByVal dwCreationDisposition As 
Long, ByVal dwFlagsAndAttributes As Long, ByVal hTemplateFile As Long) As Long 

Declare Function DevicelIoControl Lib “kernel32"” (ByVal hDevice As Long, ByVal dwIoControlCode As Long, lpInBuffer 
As Any, ByVal nInBufferSize As Long, lpOutBuffer As Any, ByVal nOutBufferSize As Long, lpBytesReturned As Long, 
lpOverlapped As OVERLAPPED) As Long 

Declare Function CloseHandle Lib “kernel32” (ByVal hObject As Long) As Long 


Public Security As SECURITY ATTRIBUTES 
Public gOverlapped As OVERLAPPED 

Public hgDrvrHnd As Long 

Public Const GENERIC READ = &H80000000 
Public Const GENERIC WRITE = &H40000000 
Public Const FILE SHARE WRITE = &H2 
Public Const FILE SHARE READ = &H1 
Public Const OPEN EXISTING = &H3 


Dim sFileName As String 

Dim htemp As Long 

Dim lIn As Long, lInSize As Long, lOut As Long, lOutSize As Long, 1Size As Long 
Dim 1Temp As Long 


Public Sub USB I0() 

sFileName = “\\.\usbuart_0” 

hgDrvrHnd = CreateFile(sFileName, GENERIC WRITE Or GENERIC READ, FILE SHARE WRITE Or FILE SHARE READ, Security, 
OPEN EXISTING, 0, 0) 

lTemp = DeviceloControl(hgDrvrHnd, 4&, lIn, lInSize, lOut, lOutSize, 1Size, gOverlapped) 

htemp = CloseHandle(hgDrvrHnd) 
End Sub 


Public Function RdPort0() As Integer 
lIn = 0 * 256 + 20 
lInSize = 2 
lOutSize = 2 
USB IO 
RdPort0 = (lOut / 256) And 255 
End Function 


Public Function RdPortl() As Integer 
lIn = 1 * 256 + 20 
lInSize = 2 
lOutSize = 2 
USB _IO 
RdPort1 = (lout / 256) And 255 
End Function 


Public Sub WrPort0 (Wert) 
lIn = 65536 * Wert + 0 * 256 + 21 
lInSize = 3 
lOutSize = 1 
USB IO 
End Sub 


Public Sub WrPort1(Wert) 
lIn = 65536 * Wert + 1 * 256 + 21 
lInSize = 3 
lOutSize = 1 
USB_IO 
End Sub 


Public Sub WrIsink(Pin, Wert) 
lIn = 65536 * Wert + Pin * 256 + 23 
lInSize = 3 
lOutSize = 1 
USB_IO 
End Sub 


Public Sub WrPullups(Port, Wert) 
lIn = 65536 * (255 - Wert) + (Port + 16) * 256 + 23 
lInSize = 3 
lOutSize = 1 
USB IO 
End Sub 
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COMPUTTR SS 


The port connections of the microcontroller 
are quasi-bidirectional, similar to those of the 
8051 microcontroller. A special feature is the 
adjustable sink current. LEDs can be driven 
directly and their current adjusted to suit 
their requirements (although a current of no 
more than 300 uA can be sourced). To this 
end, each port connection includes a simple 
D/A converter with a resolution of 4 bits. The 
sink current of each pin in port 0 can be 
adjusted from 0.3 mA to 1.5 mA, while for 
port 1 the adjustment range is from 4.8 mA to 
15 mA. Both ports feature selectable 16 kQ 
pull-up resistors. Both the sink current setting 
and the enabled/disabled state of the pull-up 
resistors can be controlled for each port over 
the USB. 

The characteristics of the ports permit the fol- 
lowing applications: 


— High-impedance input port with the char- 
acteristics of a COM input 


— Input port with 16 KQ pull-up resistor 
— CMOS-compatible output 


— Open drain output for direct drive of LEDs 
etc. 


Listing 2. 


Accessing the ports with USBuart1.vbp. 


If Check25.Value = 1 Then 
WrPullups 0, 255 

Else 
WrPullups 0, 0 

End If 


End Sub 


Private Sub Check26 Click() 
If Check25.Value = 1 Then 
WrPullups 1, 255 
Else 
WrPullups 1, 0 
End If 
End Sub 


Private Sub Form Load() 
WrPullups 0, 255 
WrPullups 1, 255 


End Sub 


Private Sub Timer1l_ Timer() 


Dat = 0 
Dat = Dat + Checkl.Value 
Dat = Dat + Check2.Value * 2 
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— Adjustable sink current via 4 bit 
D/A converter 


—Simple A/D converter with 4 bit 
resolution 


Program USBuart1 allows more pre- 
cise experimentation with the char- 
acteristics of the ports. Similar to the 
quasi-bidirectional ports of the 8051 
microcontroller, the pins have active 
pull-downs in the form of FETs (Fig- 
ure 9), which are active when the 
output value is zero. Normally he 
pull-down current is very low, only 
0.3 mA for port 0 and 4.8 mA for 
port 1. On port 0 a 10 kQ resistor to 
Voac suffices to pull the output high 
against the will of the output tran- 
sistor. A logic 1 will be read back, 
even though the pin is set to output a 
low level. In the second instalment 
of this series we will show how the 
sink current can be adjusted in 
steps. 

These special features of the 
processor's ports allow switches to 
be connected to Vag, using positive 
logic (Figure 10): this is the opposite 


of the usual convention. This is only 
recommended for use with port 0, as 
with port 1 the currents involved 
would be too high. Port 1 is suitable 
for direct connection of LEDs to Vec, 
without requiring a series resistor. 
The current limit function is built 
into the port. The default current of 
4.8 mA is enough to drive a bright 
LED. With port 0, only high-effi- 
ciency LEDs (requiring 1.5 mA) can 
be connected. 

(010207-1) 


In the second instalment in this series 
we will describe how to set the port 
current and give an example pro- 
gram: a simple A/D converter. 


Dat = Dat + Check3.Value * 4 

Dat = Dat + Check4.Value * 8 

Dat = Dat + Check5.Value * 16 

Dat = Dat + Check6é.Value * 32 

Dat = Dat + Check7.Value * 64 

Dat = Dat + Check8.Value * 128 
WrPort0 Dat 

Dat = RdPort0() 

Check9.Value = Dat And 1 
Check10.Value = (Dat And 2) \ 2 
Check11.Value = (Dat And 4) \ 4 
Check12.Value = (Dat And 8) \ 8 
Check13.Value = (Dat And 16) \ 16 
Check14.Value = (Dat And 32) \ 32 
Check15.Value = (Dat And 64) \ 64 
Check16.Value = (Dat And 128) \ 128 
Dat = 0 

Dat = Dat + Checkl17.Value 

Dat = Dat + Check18.Value * 2 

Dat = Dat + Checkl19.Value * 4 

Dat = Dat + Check20.Value * 8 
WrPortl Dat 

Dat = RdPortl1() 


Check21.Value = 

Check22.Value = 

Check23.Value = 

Check24.Value = 
End Sub 


Dat And 1 

(Dat And 2) \ 2 
(Dat And 4) \ 4 
(Dat And 8) \ 8 
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